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This invention reiates »^^J^*X%*Z S^s anymore particularly J ; a 
The catalyst can be used in an improved process tot _p°iy » produced so as to obtain 

metJod of control ng the molecular ^^JSSi^d!!jSX invention particularly relates 
Xmer product in any desired range of ^ 
to the polymerisation of ethylene in the presence or aose 

molecular weight and density. described a process of polymerising olefins to hign 

in US Patent 3,051,690 of Vandenberg, there is descnoea a pi . £ 0 , ymer viscosity, by the 
molecular St po^lefins of controlled mo ^^3^ n ^^^ P J\ecu\ar weight control 
addft on of comrolLl amounts of hydrogen to catalyst system comprising the 

Stfon^^^^ 

re8Ults in the decfease of po,vmer 

product viscosity. tellnponps such as bis(cyclopentadienyl) titanium or zirconium 

i alkvl an aluminum trialkyl cocatalyst and water. DreP aring ethylene and atactic propylene 

European Patent Appln. No. 0035242 discloses a p jces 8 ^ pmparmg compound o the 

ey Jm ls e°so Mrogen sensitive fe'r 0 ! ecu t,SLn^ SUst system. " ** e * tremely M> 5 

35 ectMryfor ethylene polymerlzehoo.Ano^ terminal unsaturate! is present in 

tattle presence of eonveralonsl heterogeneous W« The use „f hydrogen for molecular 
polym.ra?™ducedin.h,p r ^ emoe th. »m*jl 

s^riu^ . 

et higher polymerizedori temperatures and relauveiy "I 

polymerization temperatures. h„i„ m . to maximize polymerization temperetures in order to 

AO is generally known In the art. it ie desirable ten nzs»mt v , recovery. The catalyst 

as echi". high polymerization activity end ^reduce o*£*T ««« to ^ » ^ 

^ C ».h.-Pr.sen.,o» r o„^ 

unsaturation. mn i„ cu | ar weioht of polymer product can be controlled by the iud'Cious 

. Set^s-SM^ 

to molecular weight and density. no | vmer i 2a tion of ethylene and alpha-olefins to polyethylene 

„ SSSS ^'Srere^niie^SJ. of a Group do, oo end eh mere, of the 
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PeHodicTaaea^^ 

cVmpVn/s Handbook of Chemistry & Physics «*h rfjwnJ. Ktfjto. cycler. radjca| such ag 
5 cyclopentadienyl. each R', which can be JSJ^JEftS 20 carbon atoms or two carbon atoms are 
alkyl, alkenyl. aryl. '^^^T^^^SX^ radical, a dialkyl germanium or silicone, or a 
joined together to form a C<-C, ring, R isa a.Kyien drocarbon radical such as aryl, alkyl, 

alkyl phosphine or amine radical bridging two (C 8 R m> » n B 8 ; " * " * halogen and can be the same or 
alken?!, alkylaryl, or aryla.ky. radical hav.ng from ^OajAo^ ^ or , 9 p is 0 , 1 or 2; provided that 

^Tan 0 ri«?e to ttUo^eSnedSailocenes on, can use certain carbene, These are the 
carbene represented by the formula 
15 Cp 2 Zr=CH 2 • P(C 6 H S ) 2 CH 3 

and its derivative of the formula 



Co. ZrCH g CH(CH 3 ,C H 2 

and the carbene represented by the formula 

CpJi=CH 2 AI(CH 3 ) 2 Cl 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 -AI(CH 3 ) 3 , (Cp 2 T5CH 2 ) 2 , 

Co, TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 - AIR'" 2 CI, 
wherein Cp is a cyciopentadieny. or substituted cyclopentadieny. radical, and R'" is an a.kyl. ary, or 
alkylaryl radical having from 1-18 carbon atoms. pmItrol|ed bv the ratio of alumoxane to 

The molecular weight of the polymer product can be further controlled by 
metallocsne or defined carbene. Dro ducing polyethylenes having molecular weight at 

The present invention also .provides a Py^.^^Xng ethjene alone or in the presence of 
relatively high temperatures. The P/° ces y°XTth' ^™ce of the catalyst system described above, 
minor amounts of higher alpha-olef.ns or *def.r» In ^^SSUnO^s of the cyclopentadienyl ring 

comonomer content. ^ and a catalytic process for the 



25 



30 



35 



45 



50 



55 



60 



comonomer content. tmA , ar Hs catalvst systems and a catalytic process for tne 

The present invention Is directed towards ' ««'Y» •JFZ. . h , th y | enes such as linear 
polymerisation of olefins, and particularly etr Jjjen. »«J JiSff fiXF Tl£ polymers are intended for 
low density polyethylene (LLDPE) a n . d . h '?^ 

fabrication into articles by extrusion, injection ^'*n«. ^^ton.. and copolymers of ethylene with 
particular, the polymers of this invention to 8 carbon atoms per molecule. 

more carbon «orr» per I^^VilfflSef^nediid an alumoxane. , , 

one melalloponp or carbene as hereinbefore dennw eno a partieularly copolymers of 

In accordance with this nvenbon one con eleo P£*£2£nY per molecule. As Indicated above the 

ss^ssxtrz aaWA- s < — - °- ly *' 

""fTSumoxen- em polymeric eluminunr .compounds J-^^^^X'Tm 
^lumoxaneepanbepreporedln^ 



1 



75 



20 



EP 0129 368 B1 

form of a moist solvent. In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. mai u nr . 
Preferably the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises Seating a dilute solution of aluminum trimethyl in. for example toluene, w.th copper sulfate 
5 reoTe^ted by the general formula CuSO, • 5H 2 0. The ratio of copper sulfate tc , aluminum trimethyl « 
desS about 1 mile of copper sulfate for 4 to 5 moles of aluminum trimethyl. The react.on is ev.denced 

tY usefully employed in accordance with this .nventior >™£™no 

bi and tricyclopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
io represented by the general formula 

(C 5 R'J p R".(C 6 R' (n )MeQ 3 - p . R",(C 6 R' m ) a MeQ' 

or a derivative thereof as specified above. :„„h..twi 

Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, .soamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. u,„„-„„ 
Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlonne 

18 ^xemolarv of the alkylidene radicals is methylidene, ethylidene and propylidene. 

Of the' Stallocenes, zirconocenes end titanocenes are most preferred » ,ust ^' ve th ^^ 
examples of these metallocenes which can be usefully employed in accordance w th th s invention are 
m^JSopentedienyl titanocenes such as pentamethylcyclopentadienyl titanium trichlor.de; substitu ted 
SSTcStWO compounds such as bis(indenyl)Ti diphenyl or ,^'° rid * b 
25 d phenyl or dihalides and other dihalide complexes; dialkyl. trialkyl. tetra-alkyl and penta-a ky Icyclopenta- 
SenyK urn compounds such as bis(1.2 - dimethylcyclopentadienyl)Ti diphenyl «Mta^- 
diethvlcvclooentadienyDTi diphenyl or dichloride and other dihal.de complexes sil.cone. phosph ne, 
am ne^Son bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentad.enyl Mamum 
Xhen°l oTSchloride 9 methyl phosphlne dicyclopentadienyl titanium dipheny or 
so dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6.7 - tetrahydro.ndenyl)titanium 
dichloride and other dihalide complexes. t„ 
Hustrative but non-limiting examples of the zircohocenes which can be usefully. employed in 
acco dance with this invention are pentamethylcyclopentedienyl zirconium trichlonde, the alky ^"ted 
cyclopentadienes.such as bis(ethyl cyclopentadienyl)zirconium dimethyl, b.s(p - phenylpropylcyclopenta- 
35 dlnyKntum dimethyl, bis(methylcyclopentadienyl)zirconium dimethy Land ^±2££2£" 
above di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as b »^^'^ J^"*] 
dienyDzirconium dimethyl, bis(pentamethylcyclopentadienyl)z.rconium d.methyl. b.s(1 2 - dimethy \o/c q- 
pentadienyDzirconlum dimethyl, bis<1.3 - diethylcyclopentadienyl)z.rcon.um d.methyl and d halide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 
40 d°meCTsny^^^^^ ^rconium dimethy. or dihalide and methylphosphine dicyc opentad^nyl 

zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zircon.um *n^or*hJfc 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. , ' « . . , 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in ' parhaila a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and Mtor 
example, isobutane. butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10* M. However 
€0 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 

polymerizations. . . 

65 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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other suitable comminuted shapes. P.gme molecu lar 
be added to the polymer . accordanC e with this invention will have a we.g 

The polymer product oWa.ned in accoroa ^^^^ 5 ^ffi,, are typically from 1.5 to 4.0. 

— ■ B '° sd M °'" u,ar 

♦ ~a «n » Water's Associates Model No. 
Examples . f^iiowina the molecular weights were determmed ion a w dissolv ing polymer 

In the examples following tne mow measurements were rna°° * in TCB a t 1.5 

150C. I water jacket 

Example 1 (comparative) , d with an I™"™ 

A 1 -liter stainless steel press wre ves wj vent line, and a regulated •"PP^Toluene was introduced 

minute, ethylene at 60 psij | 515 kPe * mjnutes at wnl ch t.me the reason w)th 
a molecular weight distribution of 3.5. 
& TJ3««rsta«n.essstee, pressure^ 

was dried and deoxygenated with a maj um0X ane(.786mmole.jn^"2^ , ^o^ewi 

directly into the P^^^hthe septum inlet and "SSSSS*^ ^ onSum , 
the vessel by a gas tight syringe inro a n i troge n. 0.2101 mg P istm " n .y„ ^ nt V. m inlet into the vessel 

i substituted for the metallocene in Example 
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Examples 6 — 8 , ., „ v _„_. that n 2 ma of metallocenes as listed in Table II 

.-SaS^JSMW-JSR^SSi riled in Table II. 
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TABLE I 

Substituted cyclopentadiene 


(Cp) ligand effects 






Example 


Catalyst"* 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


70 


1 


Cp 2 ZrCI 2 


140,000 


39,500 


3.5 


252 




2 


(MeCp) 2 ZrCI 2 


212,000 


55,900 


3.8 


467 


75 


3 


(EtCp) 2 ZrCI 2 


171,000 


44,700 


3.8 


306 




4 


(B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 




5 


(Me 6 Cp) 2 ZrCI 2 


63,000 


13,200 


4.7 


71 


20 


a -AI/Zr=24,000 
b -pp=phenyl propyl 
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TABLE II 








Example 


Catalysf- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me 5 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


9S 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



"•Al/Zr=8,000 

The physical properties of a polyethylene are largely determined by the V^"^™^ 3 "J 
40 the oolvmer density The previous examples have demonstrated that through the igand effect one can 
lontroUhe *mo?ecular weisht of polyethylenes. The following examples demonstrate that through the same 
^SJSS^c^!^lSS^ density in copolymers such as ethylene copolymers. In add.t.on, 
TS^^^SSff^ following^exam'ples is demonstrated at "^d reaction conditions 
indiSting that density control is mediated by ligand effects on the catalyst react.v.ty ratios. 

45 

^ Tl'-lterSeS sSel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
forte^pe?atSS cS?roU sepYum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
2rShS^S5win«Jd with a nitrogen flow. 400 cm 3 of dry, degassed to uene was introduced 

so Sctiy?nt ^thepSre vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total alum.num) was mjected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and S'C for 5 mmutS! at 0 psig (99 3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25 C was then added 
fesultina fo a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zircon.um dimethyl .n 10 
S7ta!£ through the septum inlet into the vessel Ethylene at 152.1 psig^ (1148 I Par was 

55 adm tted and the reaction vessel was maintained at 50'C. The ethylene was passed the vessel for 30 
minutes at which time the reaction was stopped by rapidh, venting and cool.nj , the eactor. 6a0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated wh.ch conta.ned 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 

so Example j 10 equipped with an incline blade stirrer, an external water jacket 

for temperature Control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed to uene was introduced 
^rLtlv into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total alum.num) was injected 

55 S She vesiX a 9* tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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<>t 9d o r was then added resulting In 

density was 0.854 g/cm 3 at 23°C. 

suiting in ■ W^^^^th^ the septum inlet intoUje 
formula 

Cp 2 Zr=CH 2 P(C 6 H 5 )2CH3 



30 and its derivative of the formula 



Cp,ZrCH 2 CH(CH 3 )CH 2 



and the carbene represented by the formula 
35 Cp 2 Ti=CH 2 • AUCH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 -AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 
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Cp, pCH,CH(CH,K r H 2 , Cp t T.=CH a . AIR"' 1 CI. 
(CR-JpRMCsR-JMeQa-p or R-.WJ.MaQ'. 
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r -"-= •"' 

carbon atoms per molecule. 

tz:i^,o.,^--o, — — « 

Cp 2 Zr=CH 2 P(C 6 H s ) 2 CH 3 



,o und sein Derivat der Formel 



CpjZrCHjCHtCH^Ha 



und das Carben der Formel 
,5 CpJJ=CH 2 -AI(CH,) 2 CI 

und die Derlvate dieses Carbuns 

Cp 2 Ti=CH 2 Al(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 . 
Cp 2 TiCH 2 CH^H, Cp 2 Ti=CH 2 - A.R»' 2 C. ^ 

W^WJM-h Oder R».<C.R'm>,MeQ' 

is , WO rinMeeinMe t anderGruppe4b-^ 
30 Cydopentadien^rest |st l£ Jg&&"5 , bis 20 Kohle^offatomer. ist of^^um oder 

ist und daB mindestens ein Rest R em nyu 

Stojenatom ist und (b) ein Alumoxan. ctU .„ „ Hor Rutvl ist. 



33SK» - ° der ^ ; : dem man die Poiymerisation in 

46 ^Snren.rPo^ 

Ge r;i::: rrr: - - da s <** ^ - * — - 3 * 8 

so Kohlenstoffatomen pro Molekut ist. . 

"T^L ~ . - - - " *- — comprenant « , — 

55 represents par la formule 

Cp 2 Zr=CH 2 P(C 6 H 6 ) 2 CH 3 

et son derive de formule 
so Cp a ZrCH 2 CH(CH 3 )C H 2 et 

te carbene represents par la formule 

Cp 2 Ti=CH 2 AUCH 3 ) 2 CI 

65 

8 
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et les derives de ce carbine, 

Cp 2 Ti=CH 2 AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 . 
Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Tl=CH 2 • AIR*" 2 CI. 

ou C P est un radical cyclopentadienyle ou cyclopentadienyle u " radica ' ^ ^ ° U 

alkylaryle ayant 1 a 18 atomes de carbone; ou un compose de formule 

{C s R'JpR".(C 9 R' m )MeQ3-p ou R".(C s R'J 2 MeQ', 

dans laqueHe Me est un metal du Groups 4b, 5b el ; 6 b , (C 6 FTm) esl tun Radical ^Pe^d^nyle^ 
cyclopentadienyle substitu*. chacun des R< qu. £557. 55 atomes de carbone ou 

I'hydrog&ne, un radical alkyle, alcenyle, aryle, alkylaryle ou W^W"* °v°'", .. . a > M >. ne en r 

S 20 atomes de carbon.. ? a a i va .» 0 ou 1, p 1 1. _v.l~n 0/ ou : ito» ij-rnq* ^ 
""tSjyJr ,lt™.ndiea«lor 1. oao. I«u.l p ... eg.! - 0. Q oa. la onior. a, R' oat un radic, 

8 atomes de carbone par molecule. 
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